HE bulk hybrid breeding system is an efficient method to obtain homozygosity in heterozygous populations of self-pollinated crops. The system can be most effective as a crop improvement technique if (a) selection during the change from maximum to minimum heterozygosity significantly increases the ratio of desirable to undesirable plant types and (b) the performance of a bulk accurately predicts the ratio of desirable to undesirable component lines, Natural selection and genotypic competition or cooperation are inseparable parts of the usual bulk breeding system. It is important to measure the effect of natural selection especially when it is the only selection pressure used. The effect of natural selection on complex characteristics is not easily predictable. Suneson (4) reported that natural selection progressively increased grain yields of bulk composite cross populations of barley and that the bulks showed an ever increasing proportion of superior lines. He suggested that 15 generations of natural selection seemed desirable. Laude and Swanson (2) and Suneson (3) reported that in wheat and barley, respectively, natural selection reduced the ratio of higher yielding varieties when grown in mixtures. Laude and Swanson (2) stated, "In a mixed genetic population competition may sometimes reduce types which when grown among themselves would be among the better in yield".
Florell (1) suggested that the bulk population method was adapted for the development of strains possessing such characters as winterhardiness and other complex characters. While .the system apparently has been widely used as a method for the development of strains possessing superior winterhardiness, published critical evaluations are lacking. This investigation was designed to evaluate the effect of natural selection on winter survival of populations of bulk hybrid oats, Arena sativa L. and Avena byzantina C. Koch.
MATERIALS
AND METHODS Populations from remnant seeds of 20 different oat crosses maintained as individual bulks at Lexington, Kentucky, were evaluated for winter survival. All populations involved at least one hardy parent. The total number of years each population was subjected to natural selection varied with the generation of the population, but all populations were grown during the six years 1954 through 1957 and 1960 and 1961 . The bulks were not grown in 1958 and 1959. Three of the populations were in the F_o, 2 in the Fa, 4 in the E,, 2 in the F6, 4 in the FT, and 5 in the Fs generations in 1954 at the start of the common 6-year period of natural selection. No remnant seed from 1954 was available nor was any Inaterial in the Fa in 1954. Thus, seed-source years compareed were 1955, 1956, 1957, 1960, and 1961, representing 2, 3, 4, 5 , and 6 common years of natural selection, respectively.
Since the populations varied in generations, comparisons were also made on the similar or contrasting effects of natural selection on bulk populations differing in the number of generations since hybridization. From the 1955 seed-source the contrasted generations were the Fa, F4, F.~, F~, F,, and F,. With each advance of seed-source year the contrasted generations were also advanced one generation. Advances in generations were F~ through F~, F~ through F~, F~ through F~, Fr through F**, Fs through F~, and F~ through F~a.
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Samples of seeds produced from each bulk population in each seed-source year were planted in 1962 and 1963 at 4 locations: Lexington, Kentucky, and North Vernon, Lebanon, and Huntington, Indiana. A split-plot design was used with populations as whole plots and seed-source years as subplots. Subplot size was a single row approximately 4 feet long and replicated 5 times. Survival data were taken as a visual estimate using a scale of 0 through 10 and converted to percentages.
RESULTS
Seeds produced in all source years had satisfactory germination and fall growth. In both 1962 and 1963 the experiment winterkilled at Lebanon and Huntington, Indiana. Differential winter survival occurred in both evaluation years at both North Vernon, Indiana, and Lexington, Kentucky. Of the 400 separate averages, survival values of only 4 entries were 100% and none were 0%. These conditions should have been ideal for obtaining reliable survival data on the various populations.
The combined, analysis of variance summary revealed that several interactions as well as main effects were important factors. Survival among seed-source years interacted with evaluation location, evaluation year and both location and year. Interactions involving both populations and seedsource years, while in some cases statistically significant, were considered to be relatively unimportant. The most critical point was the shift in percent survival from one year to the next and comparisons between percent survival after the final year of natural selection and previous years (Table 1) . Least significant differences were computed using the error b estimate of error variance of each experiment.
Significant year-by-year shifts occurred in percent survival of the bulk populations every year as measured by one or more of the evaluations (Table 1) . The direction and/or the magnitude of the shift depended on when and where it was measured. In the combined analysis of variance the average differences among seed-source years was not significant if the significant interaction with the highest variance was used as the error term. However, if any of the other variances were used the differences were highly significant.
Regardless of choice of error term, the evaluation showed an average population shift in both directions at both evaluation locations and in both evaluation years. The populations showed greater resistance to winterkill from seed produced in 1956 than from seed produced in 1955 as evaluated at Lexington and greater resistance to winterkil[ from seed produced in 1956 and 1957 than from seed produced in 1955 as evaluated at North Vernon. From these highs the populations decreased in resistance to winterkill to a low from seed produced in 1961 as evaluated at both locations. Shifts in both directions as occurred 
